Aim: To describe the selection of the surgical approach used for total spondylectomy in the treatment of giant cell tumors of the lumbar spine. 
INTRODUCTION
Giant cell tumors (GCTs) are rare in the mobile spine above the sacrum. 1 Although spinal GCTs are histologically benign, 2 these osteolytic expansive tumors are locally aggressive lesions. 3, 4 As such, complete excision of GCTs is typically recommended, 5, 6 usually via a total en bloc spondylectomy. 7, 8 Although total en bloc spondylectomy, using a one-stage posterior approach, is technically feasible for tumors of the vertebral bodies between T1 and T12, 9 radical surgical techniques e104 ZHOU ET AL.
The Weinstein-Boriani-Biagini (WBB) surgical staging is helpful for the selection of surgical approach. 15 Briefly, the WBB criteria indicate the following. First, the appropriate surgical approach should ensure a negative margin when the tumor spares at least one pedicle (sector 4 or 9). Second, tumor extension into layer D may preclude the achievement of a negative margin, unless a layer of healthy tissue exists between the tumor and the dura. Third, for tumors that extend into layer A, an anterior approach should be directed toward the side with maximum layer A involvement to allow the best visualization. 16 Last, involvement of a foramen requires that the corresponding nerve root be resected, at the same time as the tumor, in order to obtain a tumor-free margin, but with every attempt made to spare nerve roots of the lumbar spine.
In this study, we describe our selection of total spondylectomy in 12 patients with GCTs of the lumbar spine, in relation to the WBB surgical staging criteria and the lumbar spine level involved. The effect of involvement of the soft tissue mass of layer A on the surgical approach selected was specifically analyzed.
MATERIALS AND METHODS

Patients
We retrospectively reviewed the medical records of 17 patients with GCTs of the lumbar spine who underwent surgery at Peking University Third Hospital, between January 2006 and December 2013. Patients were screened on the following inclusion criteria: aggressive GCTs (S3), removed by total spondylectomy; single lesions only, localized to the lumbar spine, with no evidence of metastasis; and a minimum follow-up of 24 months. After screening, 12 patients were included in our study.
This study was approved by the Ethical Committee of Peking University Third Hospital. All the participants provided written informed consent for treatment and for the use of their data, stored on databases at the hospital, for research purposes. Routine preoperative investigations included radiography, bone scan, computed tomography (CT) imaging, and magnetic resonance (MR) imaging.
Treatment
CT-guided trocar biopsy was performed in all cases. Two days prior to total spondylectomy, patients underwent transarterial embolization of the tumor, via bilateral arteries, which resulted in >95% devascularization. The resected tumors were subjected to routine macroscopic and microscopic examination.
The aim of each surgical procedure was complete resection of the tumor by total spondylectomy, with the approach selected based on WBB surgical staging criteria and the lumbar spine level involved. Clinical follow-up was conducted at 3, 6, 12, 18, and 24 months, and then annually for the rest of a patient's life.
RESULTS
Relevant clinical and surgical details of the 12 patients are summarized in Table 1 
Complications
Complications after total spondylectomy were observed in 9 of the 12 cases (75%). Relevant major complications included tumor recurrence in two cases (case 5 and 6) and nerve root involvement in 2 of the 12 cases (16.7%). None of these complications led to patient death, and no infections occurred.
Perioperative complications
An iatrogenic peritoneal tear and iliac vein tear were recognized during surgery and repaired in one case (case 1). In three separate cases, temporary postoperative paraplegia at L5 was caused by operative nerve root traction (case 3, 9, and 12), with one of these patients sustaining a tear of the inferior vena wall that was immediately repaired (case 12). All these patients fully recovered within 8 months of the surgery.
Two separate patients sustained dural tears (case 8 and 10), with cerebrospinal fluid leakage as the intraoperative lesion of the dura could not be repaired. The leak was fully absorbed over a period of 1∼2 years, postsurgery. A pleural tear was sustained in two patients (case 2 and 5) and was immediately repaired without sequelae.
Late postoperative complications
In three patients, malposition of the hardware resulted in asymptomatic deformity of the spine. Revision of the posterior instrumentation was required in one patient due to hardware failure at 2 years postsurgery. One patient developed hardware loosening after 19 months that was revised on a second surgical procedure for tumor recurrence. Hardware loosening was identified in one other patient, which did not require revision.
Contamination
Local recurrence was observed in two patients, with nerve root involvement after the nerve roots had been spared during the first procedure. These local recurrences were identified at 6 and 19 months postsurgery, requiring resurgery, including resection of the involved lumbar nerve roots.
DISCUSSION
A clear surgical field is mandatory to achieve the required margin in total spondylectomy of GCTs in the lumbar spine, with anatomical structures either released or resected under direct visual guidance. 17 The key points to consider during planning are the selection of the optimal surgical approach to release the dura and the tumor from surrounding tissues and the identification of the surgical margin to be achieved, with determination of the relevant structures to be saved or sacrificed. 17 Tumor extension necessarily dictates surgical planning, with the selection of the optimal approach depending on the relationship between the tumor and the surrounding vital structures and tissues. 18 The WBB surgical staging criteria have been designed to achieve the required oncological margin with the lowest possible morbidity and, therefore, are usually used for planning. 19 Removal of the tumor must also be achieved while avoiding traction or torsion on the spinal cord and nerve roots, especially in the lumbar spine.
For tumors located in L1∼L4 that extend into layers B∼D or layer A and involve sectors 1∼3 or 10∼12, a single posterior approach is the obvious strategy for tumor resection. 20 When sectors 9 and 4 are free from tumor involvement, the total en bloc spondylectomy technique, introduced by Tomita et al., 21 can achieve appropriate tumor-free margins. However, if sectors 9 and 4 are not tumor-free, the total spondylectomy must be accomplished via an intralesional resection. In a similar way, if the tumor invades layer D, an intralesional penetration will be required to achieve tumor-free margins, once the tumor is released from the dura. 17 Based on research into the vascular anatomy of the lumbar spine in cadavers, Kawahara et al. 9 recommended a ventrodorsal approach for L4 tumors. Although this approach is technically difficult, vertebral tumors involving L1 to L4
can be approached by a posterior total en bloc spondylectomy. 22 In this series, total en bloc spondylectomy was performed by a posterior-only approach in two patients; however, one of these patients experienced a temporary postoperative paraplegia at L5 owing to traction of the lumbar nerve root during the procedure.
For tumors located in L1∼L4 with invasion beyond layer A and involving sectors 4∼9 on the WBB staging criteria, an anterolateral or anterior approach will be required to visualize the tumor and leave a margin of healthy tissue. 23 The posterior-only approach for the total en bloc spondylectomy technique 21 cannot provide such a margin for these tumors. If the tumor is located in L1 or L2, with invasion of layer A, total en bloc spondylectomy, similar to the technique used at T11∼12, can be applied. In our case series, we performed a total en bloc spondylectomy for tumors located in L1 and L2 using a combined posterior and anterolateral approach. However, one of these cases had involvement of the L1 nerve root and experienced recurrence after 6 months, with the L1 nerve root sacrificed at resurgery. Although every attempt should be made to save the lumbar roots, minor functional loss is acceptable if a complete resection of the tumor can be achieved. 17 In cases of a tumor located in L3 or L4 that extends anteriorly into layer A, total en bloc spondylectomy with preservation of the lumbar nerves can be achieved using a combined posterior-anterior approach, 22 in which the neurovascular structures are first released through a lumbar anterior approach, followed by posterior en bloc removal, pedicle screw instrumentation, and reconstruction of the anterior defect. 18 When the tumor invades layer A and involves sectors 5∼8, a retroperitoneal anterolateral approach is the only approach possible to reach sectors 5∼6 or 7∼8, with a transperitoneal ante- or 8∼9 rather than sectors 6∼7, a lumbar retroperitoneal anterolateral approach was chosen to release structures from the tumor, and the affected vertebral body was subsequently removed along with the tumor using a posterior en bloc procedure. This procedure was used in two cases in our series, one with a tumor at L3 and the other at L4, with one patient experiencing a temporary postoperative L4 paraplegia owing to traction of the lumbar nerve root.
The surrounding anatomy at the level of L5 is complex. The vertebral body of L5 is the widest of the spine, and the surrounding space is narrow and deep, making access to and management of the L5 vertebra via a posterior approach particularly difficult. 24 Additionally, the tight ligament connection between L5 and the adjacent sacral structures must be released for total spondylectomy. 11 The aortic bifurcation and venous confluence are usually located at the L4 to L5 level, 9 and one should be mindful of possible variations in the anatomy of the iliolumbar vein. 25 Major vessels can only be dissected from the vertebral body via an anterior approach. 22 The surgical approaches for total spondylectomy of L5 GCTs differ from those at other lumbar spine levels, even if the tumors only expand into layers B∼D. A combined posterior and anterior approach is needed in most of these cases. 22, 26 In our case series, four patients had tumors located at L5, and the total spondylectomy procedure for each of these patients was performed The complication rates of total spondylectomy reported in the literature are high. 23, 27 The risk of local recurrence is directly related to the margin of resection, 1, 28, 29 with involvement of nerve roots increasing the risk of local recurrence. 27 In our case series, two patients who experienced tumor recurrence required at least one additional surgical procedure. Functional loss resulting from sacrifice of the lumbar nerve root to provide the required margin should always be counterbalanced with local control of the tumor. 17 Intraoperative complications are related to manipulation of important and vital structures. 23, 27 In our case series, the risks of inferior vena cava, iliac vein, and peritoneum injury were higher for patients treated via an anterior approach, with the risk of endorachis tear and traction of the lumbar nerve roots being higher with a posterior approach ( Table 1 ). The proposed reconstructive technique includes posterior pedicle screws and a titanium rod construct connected to a modular carbon fiber system filled with allograft bone substitute for anterior column reconstruction. 30, 31 This system failed in 3 of our 12 patients, one owing to short posterior fixation, which was insufficient to counteract the imbalance due to muscle and ligament sacrifice.
In the other two patients, loosening of the sacral screw occurred.
While we report clinical data on the long-term survival of patients with GCTs of the lumbar spine, this study remains limited due to its small sample size, the small number of events and restriction to a single institution. Because of the relative rarity of GCTs of the lumbar spine, obtaining sufficient data for scientific evaluation is challenging. 32 Detailed multicenter studies could expand our understanding of the risks and benefits of various surgical approaches for lumbar spine GCTs. 33 
CONCLUSIONS
The rationale for the approach selected to perform a total spondylec- We thank Dr. LIU Hua for the English language editing.
